APPLICATIO 




Atty.Dkt.No. 009270-0311834 



Invention: 



REFRIGERATOR 



Inventor (s): 1. 



YAMASHITA Jun 



2. 
3. 
4. 
5. 



TAKAGI 
SARUTA 
HORIE 
SAKUMA 



Yasushi 
Susumu 
Munehiro 
Tsutomu 



Address communications to the 
correspondence address 
associated with our Customer No 



Pillsbury Winthrop LLP 



This is a: 

□ Provisional Application 

□ Regular Utility Application 

□ Continuing Application 

□ The contents of the parent are incorporated 
by reference 

El PCT National Phase Application 

□ Design Application 

□ Reissue Application 

□ Plant Application 

□ Substitute Specification 

Sub. Spec Filed 



00909 



in App. No. 



/ 



□ Marked up Specification re 
Sub. Spec, filed 



In App. No 



/ 



SPECIFICATION 



30482994_1.DOC 



PAT-100CN8/03 



10^509637 

DT04 Rec'd PCT/PTQ 2 9 SEP 2004 

DESCRIPTION 
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Technical Field 

The present invention relates to a refrigerator 
which has a refrigerating cycle sequentially 
connecting a compressor, a condenser, a drawing 
mechanism, and an evaporator and uses a hydrocarbon 
cooling medium as a refrigerant. 

Background Art 

In recent years, there is a worldwide increasing 
interest in the protection of the ozone layer and the 
problem of earth warming, and an improvement of 
refrigerants used in the refrigerating cycle of a 
refrigerator, an air conditioner and so on has be 
required. At present, most of refrigerators on sale 
use HFC ( hydrof luorocarbon ) as a refrigerant. However, 
the HFC cooling medium still has a high earth warming 
coefficient. Therefore, the use of a hydrocarbon 
cooling medium which is free of the destruction of the 
ozone layer and has a low earth warming coefficient, 
for example, an HC (hydrocarbon) cooling medium has 
been studied. 

The HC cooling medium is a combustible cooling 
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medium, so that a risk of ignition is pointed out. 
However, as the flow per volume thereof is larger than 
that of the HFC cooling medium, the necessary amount 
of the refrigerant charged into the refrigerating 
cycle may be smaller than a half of that of the HFC 
cooling medium. Therefore, even if the refrigerant 
leaks from the refrigerating cycle, there is little 
possibility of increasing to the ignition 
concentration, and in a refrigerator provided with the 
explosion-proof treated electrical parts, the safety 
thereof is high. 

However, the HC cooling medium has a 
characteristic easily soluble into the refrigeration 
machine oil, for example, a mineral oil compared with 
the HFC cooling medium and other refrigerants. 
Therefore a problem arises that the amount of the 
refrigerant circulating in the refrigerating cycle 
decreases. In particular, after turning on power when 
much refrigerant is dissolved in the refrigeration 
machine oil, there is the possibility of the reduction 
of the cooling performance. 

It is generally known that at a low temperature 
and a high pressure, the amount of the HC cooling 
medium dissolved into the refrigeration machine oil 
increases. Therefore, when a refrigerator is 
installed in winter, the compressor and so on are in a 



2 



low temperature state, so that even if power is turned 
on after the installation, the amount of refrigerant 
dissolved in the refrigeration machine oil is large. 
Moreover the temperature of the compressor cannot 
easily rise because the atmospheric temperature is low. 
Thus as the dissolved refrigerant will not be 
separated from the refrigeration machine oil, and 
particularly after power is turned on, the amount of 
the refrigerant circulating in the refrigerating cycle 
reduces, and the start-up of the initial cooling 
performance is extremely bad. 

Furthermore, since the charged amount of HC 
cooling medium is small, the effect due to the 
dissolving into the refrigeration machine oil is high 
and the cooling performance is reduced. The reason is 
that even if the dissolved amount of HC cooling medium 
is the same as that of the HFC cooling medium, the 
charged amount of the HC cooling medium is smaller 
than a half of that of the HFC cooling medium, so that 
the reduction rate of the amount of the circulating 
refrigerant due to the dissolution is doubled or more, 
and the cooling performance is reduced according to 
the reduction rate. 

On the other hand, an HC cooling medium has a 
high solubility into refrigeration machine oil at high 
pressure. As the pressure in the compressor is higher 
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than that during the normal running until the pressure 
of the refrigerating cycle is made uniform and the 
pressure in the compressor is reduced after turning on 
power, so that the amount dissolved in the 
refrigeration machine oil is large and the cooling 
performance in this period is particularly low. 

Next, conventionally, to perform cooling running 
of the refrigerator, a cooling fan is rotated in 
synchronization with the driving of the compressor for 
circulating the refrigerant in the refrigerating cycle 
so as to radiate heat from the compressor and the 
condenser. The reason is that the temperatures of the 
compressor and condenser are lowered, thus the 
condensation temperature of the refrigerant is lowered, 
and the cooling capacity is improved, and the loss due 
to rise of the winding temperature of a compressor 
motor is reduced. 

On the other hand, when the air temperature is 
low, for example, when the temperature of the 
installation location of the refrigerator is 10°C or 
lower, the temperature of the compressor may be 
excessively lowered due to the driving of the cooling 
fan. When the temperature of the compressor is 
lowered lower than required, the amount of the 
refrigerant dissolved in the refrigeration machine oil 
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is increased and a so-called refrigerant sleeping 
phenomenon that the refrigerant does not circulate in 
the refrigerating cycle and the cooling performance is 
lowered is generated (the amount of circulating 
refrigerant is reduced) . 

As a sleeping countermeasure, an air temperature 
sensor for detecting the room temperature is installed 
respectively on the hinge portion and the operation 
board and when the air temperature detected by the 
sensors is low, the cooling fan is stopped 
independently of driving of the compressor, thus the 
compressor and the condenser are prevented from 
overcooling and the sleeping of refrigerant is 
suppressed . 

However, even when the air temperature is a 
medium temperature that is higher than the low 
temperature, for example, 10°C to 20°C, depending on 
the conditions of the installation location, the 
refrigerant sleeping phenomenon is generated, causing 
defective cooling . 

For example, when a refrigerator is to be 
installed in a place at a low air temperature in 
winter, the refrigerator is stored before installation 
in a place at a low air temperature such as a 
warehouse, and fixed to the bed of a truck during 
delivery, so that the refrigerator is kept in a low 
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temperature state. However, the installation location 
is heated by a heating system and is warm, so that the 
air temperature sensors of the installed refrigerator 
detect medium temperature or high temperature. 

Therefore, even when the temperature around the 
installation location is higher than a predetermined 
temperature, the refrigerator body, in particular the 
compressor having high heat capacity is kept in a low 
temperature state, so that the refrigerant dissolved 
in the refrigeration machine oil is not circulated in 
the refrigerating cycle. Moreover, as the air 
temperature sensors detect medium temperature or high 
temperature, the cooling fan rotates and more 
excessively cools the compressor and the condenser, 
causing sleeping of the refrigerant. 

Further, even when the room at the installation 
location is heated by a heating apparatus and is warm, 
as the warm air go up and by a draft from the door, 
the ambient temperature of the floor is mostly lower 
than the room temperature. Generally, the air 
temperature sensors are arranged on the upper part of 
the refrigerator body such as the hinge portion and 
the operation board, so that even if the sensors 
detect medium temperature or high temperature as a 
room temperature, the machine room may be in a low 
temperature state because it is positioned around the 



6 



floor . 

Therefore, although the compressor and the 
condenser are in the low temperature state, the air 
temperature sensors detect medium temperature or high 
temperature. Accordingly, the cooling fan rotates and 
excessively cools the compressor and the condenser, 
causing sleeping of the refrigerant. 

On the other hand, in recent years, there is a 
worldwide increasing interest in the protection of the 
ozone layer and the problem of the earth warming. The 
use of a combustible cooling medium, for example, an 
HC (hydrocarbon) cooling medium has be studied which 
is free of destruction of the ozone layer and has a 
low earth warming coefficient compared with the 
conventional refrigerants, for example, R134a. For 
the HC refrigerant, in consideration of the cooling 
capacity thereof and the safety at the time of leakage, 
the charged amount of the refrigerant can be reduced 
to less than a half of that of R134a. 

However, when the HC refrigerant which is to be 
charged in a small amount is used, if the same 
sleeping amount as that of R134a is generated, the 
ratio of the amount of the sleeping refrigerant to the 
total amount of the refrigerant is more than two times 
of the conventional ratio. Thus, even for a small 
amount of the sleeping refrigerant, the reduction 
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ratio of the circulating amount of the refrigerant is 
enlarged, so that the cooling performance is extremely 
lowered . 

The present invention was developed with the 
foregoing problems in view, and is intended to provide 
a refrigerator which has initial high cooling 
performance after turning on power even if a 
hydrocarbon cooling medium a small amount of which is 
charged and which is easily soluble in a refrigeration 
machine oil is used. 

Also, the present invention was developed with 
the foregoing problems in view, and is intended to 
provide a refrigerator for preventing the defective 
cooling due to the sleeping of a refrigerant staying 
in a compressor and a condenser. 

Disclosure of Invention 

The invention stated in Claim 1 is characterized 
in that it has in a body of a refrigerator a 
refrigerating cycle sequentially connecting a 
compressor for varying the capacity, a condenser, a 
drawing mechanism, and an evaporator with a 
hydrocarbon cooling medium used as a refrigerant, and 
drives the compressor by high speed rotation for a 
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predetermined period of time after turning on power. 

According to the present invention, the 
atmospheric temperature is low and the pressure in the 
compressor is high, so that even if the amount of the 
refrigerant dissolved into the refrigeration machine 
oil is increased after turning on power, by high speed 
rotation of the compressor, the amount of heat of the 
motor of the compressor is increased, and the 
temperature inside the compressor is increased, and 
the pressure of the refrigerating cycle is made 
uniform quickly, and the pressure inside the 
compressor is reduced, thus the amount of the 
dissolved refrigerant can be reduced and the start-up 
of the initial cooling performance can be improved. 

Further, in a refrigerator using a hydrocarbon 
cooling medium having high solubility, for example, an 
HC cooling medium, even if the amount of the charged 
refrigerant is reduced for the safety and the cooling 
performance, the amount of the refrigerant dissolved 
into the refrigeration machine oil can be reduced, so 
that a refrigerator having high cooling performance 
can be obtained. 

The invention stated in Claim 2 is characterized 
in that it has in a body of a refrigerator a 
refrigerating cycle sequentially connecting a 
compressor, a condenser, a drawing mechanism, and an 



9 



evaporator with a hydrocarbon cooling medium used as a 
refrigerant, and a cooling fan for radiating heat from 
the compressor or the condenser, and keeps the cooling 
fan stopped for a predetermined period of time after 
turning on power . 

According to the present invention, by keeping 
the fan stopped, the temperature of the compressor is 
increased quickly a^nd the temperature inside the 
compressor can be increased quickly after turning on 
power, so that the separation of the dissolved 
refrigerant from the refrigeration machine oil can be 
promoted. In this case, when the air temperature and 
the temperature of the compressor and others are low 
in winter, the rise of the temperature of the 
compressor can be promoted particularly effectively. 

The invention stated in Claim 3 is characterized 
in that it has in a body of a refrigerator a 
refrigerating cycle sequentially connecting a 
compressor, a condenser, a drawing mechanism, and an 
evaporator, installing a selection valve on the outlet 
side of the condenser, arranging a bypass pipe for 
interconnecting the selection valve and a suction side 
of the compressor with a hydrocarbon cooling medium 
used as a refrigerant, and lets the refrigerant 
discharged from the condenser flow on the suction side 
of the compressor by operating the selection valve via 
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the selection valve and the bypass pipe for a 
predetermined period of time after turning on power. 

According to the present invention, a high- 
temperature gas cooling medium discharged from the 
compressor is sucked into the compressor again, thus 
the temperatures of the compressor and the 
refrigeration machine oil can be increased quickly, so 
that the separation of the dissolved refrigerant in 
the refrigeration machine oil can be promoted after 
turning on power. 

The invention stated in Claim 4 is characterized 
in that it has in a body of a refrigerator a 
refrigerating cycle sequentially connecting a 
compressor, a condenser, a drawing mechanism, and an 
evaporator, installing an on-of f valve on the outlet 
side of the condenser with a hydrocarbon cooling 
medium used as a refrigerant, and keeps the on-off 
valve in a closed state for a predetermined period of 
time after turning on power. 

According to the present invention, the on-off 
valve is kept in the closed state, so that as the 
compressor discharges the refrigerant, the pressure 
inside the compressor is extremely reduced. 

Thus the amount of the refrigerant dissolved in the 
refrigeration machine oil can be reduced for a short 
period. 
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The invention stated in Claim 5 is characterized 
in that it has in a body of a refrigerator a 
refrigerating cycle sequentially connecting a" 
compressor for' varying the capacity by controlling a 
DC brushless motor by power, a condenser, a drawing 
mechanism, and an evaporator with a hydrocarbon 
cooling medium used as a refrigerant, and supplies 
power only to the two phases of the DC brushless motor 
of the compressor for a predetermined period of time 
after turning on power, thereby keeping the DC 
brushless motor away from rotation. 

According to the present invention, the power is 
supplied only between the two phases without driving 
the motor of the compressor, so that the temperature 
of the motor rises by the resistance of the winding so 
as to increase the temperature inside the compressor 
as a heater. Thus the separation of the dissolved 
refrigerant in the refrigeration machine oil can be 
promoted after turning on power. 

Further, without separately installing a heater 
for increasing the temperature of the compressor, the 
temperature can be increased by the power supply 
control for the motor, so that the temperature of the 
compressor can be increased quickly without increasing 
the cost. 
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The invention stated in Claim 6 is characterized 
in that it has a refrigerating cycle sequentially 
connecting a compressor, a condenser, a drawing 
mechanism, an evaporator, and an accumulator, an inlet 
temperature sensor and an outlet temperature sensor 
for detecting the temperatures of the inlet and outlet 
of the evaporator, and a cooling fan for cooling the 
compressor, and when a difference between the 
temperature detected by the inlet temperature sensor 
and the temperature detected by the outlet temperature 
sensor becomes a predetermined value or more, the 
cooling fan is stopped. 

According to the present invention, the cooling 
fan can be controlled not to operate when the 
refrigerant is in a sleeping state, so that the 
compressor and the condenser are not overcooled and 
the defective cooling due to the sleeping of the 
refrigerant can be prevented. 

The invention stated in Claim 7 is characterized 
in that it has a refrigerating cycle sequentially 
connecting a compressor, a condenser, a drawing 
mechanism, an evaporator, and an accumulator, an inlet 
temperature sensor and an outlet temperature sensor 
for detecting the temperatures of the inlet and the 
outlet of the evaporator, an air temperature sensor 
for detecting an air temperature, and a cooling fan 



13 



for cooling the compressor which is controlled so as 
to be driven when at least the temperature detected by 
the air temperature sensor becomes a preset 
temperature or more, and when the difference between 
the temperature detected by the inlet temperature 
sensor and the temperature detected by the outlet 
temperature sensor becomes a predetermined value or 
more, the preset temperature is changed to a higher 
value . 

According to the present invention, when the air 
temperature is high, wherein there are few refrigerant 
sleeping phenomena generated, even if it is judged 
that the refrigerant is in a sleeping state, the 
cooling fan can perform the normal running. Therefore, 
the compressor and the condenser can be effectively 
cooled and the cooling capacity can be improved. 

Further, when the air temperature is medium, 
wherein there is a risk of sleeping, the cooling fan 
is stopped, thus the defective cooling due to the 
sleeping of the refrigerant can be surely prevented. 

The invention stated in Claim 8 is characterized 
in that it has a refrigerating cycle sequentially 
connecting a compressor, a condenser, a drawing 
mechanism, an evaporator, and an accumulator, an air 
temperature sensor for detecting an air temperature, 
and a cooling fan for cooling the compressor which is 
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controlled so as to be driven when at least the 
temperature detected by the air temperature sensor 
becomes a preset temperature or more, and the air 
temperature sensor is arranged in the neighborhood of 
a machine room. 

According to the present invention, even if a 
difference is generated between the temperatures of 
the upper part and the lower part of the room, an 
almost the same temperature as that inside the machine 
room can be detected. Therefore, the reliability of 
the cooling fan control by the air temperature sensor 
can be improved, and the defective cooling due to the 
sleeping of the refrigerant can be prevented. 

The invention stated in Claim 9 is characterized 
in that a combustible cooling medium is used as a 
refrigerant of the refrigerating cycle, and for the 
combustible cooling medium to be charged in a small 
amount, the defective cooling due to the sleeping of 
the refrigerant can be prevented more effectively. 

Brief Description of Drawings 

Referring now to the drawings, wherein like 
reference numerals designate identical or 
corresponding parts throughout the several views, the 
embodiments of this invention will be described below. 
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FIG. 1 is a flow chart showing an embodiment of 
the present invention. 

FIG. 2 is a longitudinal cross sectional view of 
a refrigerator body showing an embodiment of the 
present invention . 

FIG. 3 is an illustration for a refrigerating 
cycle showing a first embodiment of the present 
invention . 

FIG. 4 is an illustration for a refrigerating 
cycle showing a second embodiment of the present 
invention . 

FIG. 5 is a flow chart showing a third embodiment 
of the present invention. 

FIG. 6 is a flow chart showing a fourth 
embodiment of the present invention. 

FIG. 7 is a longitudinal cross sectional view of 
a refrigerator body showing an embodiment of the 
present invention . 

FIG. 8 is an illustration for a refrigerating 
cycle showing an embodiment of the present invention. 

FIG. 9 is an enlarged longitudinal cross 
sectional view of a machine room showing the mounting 
position of an air temperature sensor according to the 
present invention. 

FIG. 10 is a graph showing temperature changes in 
the refrigerant sleeping state. 
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Best: Mode for Carrying Out the Invention 

Referring now to the drawings, wherein like 
reference numerals designate identical or 
corresponding parts throughout the several views, the 
embodiments of this invention will be described below. 

First, a first embodiment of the present 
invention will be explained hereunder with reference 
to the accompanying drawings. As shown in FIG. 2, in 
a refrigerator body 1, a cold storage chamber 2, a 
vegetable chamber 3, an ice making chamber 4, and a 
freezing chamber 5 are installed sequentially from top. 
In the neighborhood of the ice making chamber 4, 
switching chambers (not shown) for switching to each 
temperature zone are arranged side by side. 

On the front of the cold storage chamber 2, a 
heat insulating door 6 of a hinge switching type is 
installed and on the front of each of the vegetable 
chamber 3, the ice making chamber 4, and the freezing 
chamber 5, heat insulating doors 7, 8, and 9 of a 
drawing type are installed. 

On the rear of the vegetable chamber 3, an R 
evaporator 14 constituting a cooler of the cold 
storage chamber 2 and the vegetable chamber 3, an R 
fan 13 constituting a cold air circulation fan for 
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cold storage, and an R defrosting heater 17 for 
removing the frost formed on the R evaporator 14 are 
arranged. When the R fan 13 is driven, the cold air 
cooled by the R evaporator 14 is supplied into the 
cold storage chamber 2 via a duct 12 and then 
circulated via the vegetable chamber 3 so as to cool 
the cold storage chamber 2 and the vegetable chamber 3. 

On the rear of the ice making chamber 4, the 
switching chambers, and the freezing chamber 5, an F 
fan 15 constituting a cold air circulation fan for 
freezing, an F evaporator 16 constituting a cooler of 
the ice making chamber 4, the switching chambers, and 
the freezing chamber 5, and an F defrosting heater 18 
for removing the frost formed on the F evaporator 16 
are arranged sequentially from top. In this case, 
when the F fan 15 is driven, the cold air cooled by 
the F evaporator 16 is supplied and circulated in the 
ice making chamber 4 and the freezing chamber 5 so as 
to cool the ice making chamber 4 and the freezing 
chamber 5 . 

On the bottom of the refrigerator body 1, a 
machine room 22 is formed. A compressor 20 to be 
described later, a condenser 27 composed of a wire 
condenser, a C fan 19 for cooling the compressor 20 
and the condenser 27, and an evaporating dish 21 for 
storing and evaporating the drain after defrosting 
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each evaporator 14, 16 are arranged. 

In front of the machine room 22, a suction port 
23 for sucking air into the machine room 22 is 
installed, and on the rear of the machine room 22, an 
exhaust port 25 for exhausting air from the machine 
room 22 is installed. By driving the C fan 19, the 
fresh air is sucked into the machine room 22 from the 
suction port 23 so as to cool the condenser 27, and 
the exhaust air blown to the compressor 20 is 
exhausted from the exhaust port 25. Further, the C 
fan 19 is driven in synchronization with the 
compressor 20. However, when the air temperature is 
low, for example, 10°C or lower, even if the 
compressor 20 is driven, the C fan 19 is kept in a 
stop state so as to prevent overcooling. 

The compressor 20 is a low-pressure type 
reciprocal compressor driven by a DC brushless motor, 
which includes a DC brushless motor composed of a 
stator having a 3-phase winding and a rotor having a 
permanent magnet in the case. It executes 2-phase 
power supply, detects the rotational position of the 
rotor from an induced voltage generated in the 
remaining one non-power supplied phase winding and 
sequentially switches the 2-phase power supply, 
thereby rotates the motor. Further, the number of 
revolutions of the compressor 20 is changed by 
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changing the voltage to be applied to the motor by PWM . 
In this case, the target number of revolutions can be 
changed according to the temperature in the 
refrigerator, the timing of switching of the 
refrigerating cycle or the defrosting. For example, 
when the temperature in the refrigerator is high, it 
is controlled to be in high speed rotation, and when 
the temperature in the refrigerator is low, it is 
controlled to be stopped or to be in low-speed 
rotation . 

On the other hand, as shown in FIG. 3, in the 
refrigerating cycle, the compressor 20, the condenser 
27, and a selection valve 26 for switching the flow of 
the refrigerant and performing the fully closing and 
opening operation are connected in series. 
Furthermore, a first connection pipe connecting an R 
capillary tube 29 and the R evaporator 14 and a second 
connection pipe connecting an F capillary tube 30, the 
F evaporator 16, an accumulator 34, and a check valve 
33 are connected in parallel. Here, a hydrocarbon 
cooling medium, for example, an HC cooling medium is 
used as a refrigerant. 

In a case of the aforementioned constitution, by 
the temperature sensors for detecting the intra- 
chamber temperatures of each of the cold storage 
chamber 2 and the freezing chamber 5, an F flow for 
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supplying the refrigerant to the second connection 
pipe connecting the F capillary tube 30, the F 
evaporator 16, the accumulator 34, and the check valve 
33 and an R flow for supplying the refrigerant to the 
first connection pipe connecting the R capillary tube 
29 and the R evaporator 14 are alternately switched by 
operating the selection valve 26 so as to cool the 
cold storage temperature zone and freezing temperature 
zone in the storage chambers. 

Next, a control method for running the compressor 
and the C fan after turning on power will be explained. 
As shown in FIG. 1, at a step SI, after turning on 
power, the compressor 20 is driven. In this case, in 
consideration of the safety, the compressor 20 may not 
be started simultaneously with turning on power, and 
may be driven, for example, 1 to 2 minutes later. 

At a step S2, the C fan 19 is kept stopped so as 
to prevent it from being driven in synchronization 
with the start of the compressor 20. The reason is 
that the rise of the temperature of the compressor 20 
is promoted and thereby the refrigerant dissolved in 
the refrigeration machine oil is separated quickly 
from the oil and circulated in the refrigerating cycle. 
The aforementioned process is effective particularly 
in winter when the air temperature is low and the 
temperature of the compressor 20 cannot be easily 
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increased . 

At a step S3, the compressor 20 is rotated at 
high speed. The compressor 20 may be rotated at high 
speed simultaneously with start- However, the 
pressure difference between in the refrigerating cycle 
and in the compressor 20 is large and the load applied 
to the compressor 20 is large. Therefore, the 
compressor 20 may be operated at low speed for 2 or 3 
minutes after the start so that the pressure 
difference between in the refrigerating cycle and in 
the compressor 20 is reduced, and then is rotated at 
high speed. 

And, at a step S4, it is judged whether a 
predetermined period of time, for example, a time of 
10 minutes elapsed after the power is turned on. When 
the time of 10 minutes did not elapse, the temperature 
of the compressor 20 is regarded as low. When the 
time of 10 minutes elapsed, it is regarded that the 
temperature of the compressor 20 is increased and the 
pressure in the compressor 20 is reduced, thus the 
amount of refrigerant dissolved in the refrigeration 
machine oil is reduced, and the process goes to a step 
S5 and moves to the normal running of the compressor 
20. At this time, when the temperature in the 
refrigerator is high and high speed rotation is 
requested to the compressor 20, the compressor 20 
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continues high speed rotation. 

At a step S6, it is judged whether a 
predetermined period of time of 4 to 6 hours elapsed 
after the power is turned on. When the time elapsed, 
the process goes to a step S7 and switches the C fan 

19 to the normal running. The reason of keeping the C 
fan 19 stopped for the predetermined period of time is 
that for 4 to 6 hours after starting at a low air 
temperature, even if the temperature of the compressor 

20 is increased, the compressor 20 and the condenser 
27 are overcooled by driving of the C fan 19, and the 
refrigerant dissolved in the refrigeration machine oil 
is not separated, so that it does not circulate in the 
refrigerating cycle and the cooling performance is 
lowered . 

As explained above, by use of the constitution of 
the present invention, by rotating the compressor at 
high speed for a predetermined period of time after 
the power is turned on, even if the amount of the 
refrigerant dissolved in the refrigeration machine oil 
is large after the power is turned on, the amount of 
heat generated in the motor of the compressor is 
increased, and the temperature inside the compressor 
is increased, and the pressure in the refrigerating 
cycle is made uniform quickly, and the pressure inside 
the compressor is reduced. Thus the mount of 
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refrigerant dissolved in the refrigeration machine oil 
can be reduced and cooling performance at the start-up 
can be improved. 

Further, even when a hydrocarbon cooling medium 
having high solubility into refrigeration machine oil, 
for example, an HC cooling medium is used as a 
refrigerant charged in the refrigerating cycle, the 
amount of the dissolved refrigerant can be reduced. 
So that the reduction rate of the circulating 
refrigerant due to the dissolution can be improved 
greatly, thus the charged amount thereof which is 
needed for cooling performance can be reduced for 
safety too. 

On the other hand, since the C fan is stopped for 
a predetermined period of time after the power is 
turned on, the rise of the temperature in the 
compressor is promoted, and the amount of the 
refrigerant dissolved in the refrigeration machine oil 
can be reduced quickly. Furthermore the C fan is kept 
stopped without overcooling the compressor and others, 
so that the energy conservation running can be 
realized for the C fan. 

Next, another control operation of the present 
invention will be explained. When the power is turned 
on, the compressor 2 is operated at low speed, and the 
selection valve 26 is switched to "full closing" and 
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the flow of the refrigerant in the refrigerating cycle 
is cut off. 

In this case, refrigerant gas discharged from the 
compressor 20 stays between the discharge side of the 
compressor 20 and the selection valve 26. Inversely, 
between the suction side of the compressor 20 and the 
selection valve 26, the refrigerant gas in the pipe is 
sucked in and discharged from the compressor 20, so 
that the pressure inside the compressor 20 is lowered. 
Therefore, the refrigerant dissolved in the 
refrigeration machine oil is separated from the 
refrigeration machine oil and discharged into the 
refrigerating cycle because the pressure inside the 
compressor 20 is low. 

And, when a predetermined period of time required 
for the reduction of the amount of the refrigerant 
dissolved in the refrigeration machine oil, such as 3 
minutes in this case, elapses, the selection valve 26 
is switched to the F flow and the normal cooling 
running is started. 

By use of such a constitution, for a 
predetermined period of time after turning on power, a 
part of the pipes of the refrigerating cycle is cut 
off and the compressor is rotated and the pressure 
inside the compressor is reduced in a short time, 
thereby it is possible to reduce rapidly the amount of 
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the refrigerant dissolved in the refrigeration machine 
oil. Thus the amount of circulating refrigerant can 
be increased after starting the normal cooling running, 
so that the cooling performance at the start-up can be 
improved . 

Further, still another compressor power supply 
control after turning on power will be explained. The 
compressor 20 is generally rotated by sequentially 
switching power supply between the 2 phases of the DC 
brushless motor. However, the power supply is not 
switched for a predetermined period of time, from 
turning on power till the time when the temperature in 
the compressor rises, for example, 10 minutes and 
power is supplied only between the fixed 2 phases. In 
this case, the power supply is not switched, so that 
the DC brushless motor is not rotated and kept in a 
stop state. However, the power is continuously 
supplied, so that the DC brushless motor itself is 
heated by the resistance of the winding and the 
temperatures of the refrigeration machine oil and the 
compressor 20 are increased. 

Therefore, when the compressor 20 cannot be 
started instantaneously immediately after turning on 
power due to the relation of the pressure inside the 
refrigerating cycle, by use of the motor in place of 
the heater, the temperatures of the refrigeration 
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machine oil and the compressor 20 can be increased 
quickly and the amount of the refrigerant dissolved in 
the refrigeration machine oil can be reduced 
remarkably. Further, there is no need to separately 
install a heater for increasing the? temperature, so 
that the refrigerator can be manufactured at a low 
price . 

Further, during the rotation of the compressor 20, 
by changing the timing of the switching and the pulse 
width so as to increase the loss of inter 2 phases 
power supply switching in a constant cycle, the heat 
energy due to loss is increased and the temperatures 
of the refrigeration machine oil and the compressor 20 
can be increased. 

Next, a second embodiment will be explained. FIG. 
4 is an illustration showing another refrigerating 
cycle constitution that a bypass pipe for 
interconnecting the discharge side of the condenser 
and the suction side of the compressor is arranged. 
Between the discharge side of the condenser 27 and the 
selection valve 26, a three-way valve 40 is arranged. 
Another one side of the three-way valve 40 is 
connected to a bypass pipe 43 interconnecting to the 
pipe on the suction side of the compressor 20. 
Further, in the neighborhood of the connection with 
the suction pipe, a check valve 42 is arranged so as 
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to prevent the refrigerant from back flowing in the 
bypass pipe 43. The check valve 42 may be an on-off 
valve for cutting off the refrigerant flow. 

The flow of the refrigerant in the refrigerating 
cycle, after turning on power, is controlled so as to 
let the refrigerant discharged from the condenser 27 
flow to the bypass pipe 43 and return it to the 
suction side of the compressor 20 by the operation of 
the three-way valve 40. At this time, the refrigerant 
sucked into the compressor 20 is a high temperature 
gas, and the high temperature gas increases the 
temperatures of the compressor 20 and the 
refrigeration machine oil. 

And, when a predetermined period of time, for 
example, a time of 10 minutes elapsed, accompanied 
with the rise of the temperatures in the compressor 20 
and the refrigeration machine oil, the refrigerant 
dissolved in the refrigeration machine oil is 
separated and circulated in the refrigerating cycle. 
Then the three-way valve 40 is operated so that the 
flow to the bypass pipe 43 is cut off and the 
refrigerant flows to each evaporator, and the normal 
cooling running is performed. 

By use of the aforementioned constitution like 
this, after the power is turned on, a high temperature 
refrigerant discharged from the condenser is sucked in 
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the compressor. Thus the temperatures in the 
compressor and the refrigeration machine oil can be 
increased quickly, so that the amount of the 
refrigerant dissolved in the refrigeration machine oil 
can be reduced remarkably. Therefore the cooling 
performance at the start-up time can be improved. 
Further, in the above description, it is explained 
that the three-way valve 40 and the selection valve 26 
are as separate parts. However, an integratedly 
formed part, such as a four-way valve may be used. 

Although the constitution of the present 
invention is explained above, the optimum value of a 
predetermined period of time required for the 
temperature rise or the pressure reduction of the 
compressor varies with the constitution, the ability, 
and the capacity of the refrigerating cycle and the 
air temperature, so that needless to say, a suitable 
predetermined period of time is set when necessary. 

Next, other embodiments of the present invention 
will be explained hereunder with reference to the 
accompanying drawings . 

As shown in FIG. 7, in the refrigerator body 1, 
the cold storage chamber 2, the vegetable chamber 3, 
the ice making chamber 4, and the freezing chamber 5 
are installed sequentially from top. In the 
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neighborhood of the ice making chamber 4, switching 
chambers for switching to each temperature zone are 
arranged side by side. 

Further, on the front of the cold storage chamber 
2, the heat insulating door 6 of a hinge switching 
type is installed, and on the front of the door 6, an 
operation panel 60 for adjusting the temperature in 
the refrigerator, for switching the cooling running 
and for displaying is provided. 

On the front of each of the vegetable chamber 3, 
the ice making chamber 4, and the freezing chamber 5, 
the heat insulating doors 7, 8, and 9 of a drawing 
type are installed. The cold storage chamber 2 and 
the vegetable chamber 3 are separated by a plastic 
separation plate 10. The vegetable chamber 3 and the 
ice making chamber 4 and the switching chambers are 
separated by a heat insulating separation wall 11 so 
as to make the flow of cold air independent. Further, 
the ice making chamber 4 and the switching chambers 
are also separated by a heat insulating separation 
wall . 

On the rear of the vegetable chamber 3, the R 
evaporator 14 constituting the cooler of the cold 
storage chamber 2 and the vegetable chamber 3, the R 
fan 13 constituting the cold air circulation fan for 
cold storage, and the R defrosting heater 17 for 
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removing the frost formed on the R evaporator 14 are 
arranged. When the R fan 13 is driven, the cold air 
cooled by the R evaporator 14 is supplied into the 
cold storage chamber 2 via the duct 12 and then 
circulated via the vegetable chamber 3 so as to cool 
the cold storage chamber 2 and the vegetable chamber 3. 

On the rear of the ice making chamber 4, the 
switching chambers, and the freezing chamber 5, the F 
fan 15 constituting the cold air circulation fan for 
freezing, the F evaporator 16 constituting the cooler 
of the ice making chamber 4, the switching chambers, 
and the freezing chamber 5, and the F defrosting 
heater 18 for removing the frost formed on the F 
evaporator 16 are arranged sequentially from top. In 
this case, when the F fan 15 is driven, the cold air 
cooled by the F evaporator 16 is supplied and 
circulated in the ice making chamber 4 and the 
freezing chamber 5 so as to cool the ice making 
chamber 4 and the freezing chamber 5. 

On the bottom of the refrigerator body 1, the 
machine room 22 is formed. In the machine room 22, 
the compressor 20, the condenser 27 composed of the 
wire condenser, the C fan 19 for cooling the 
compressor 20 and the condenser 27, and the 
evaporating dish 21 for storing and evaporating the 
drain after defrosting each evaporator 14, 16 are 
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arranged . 

In front of the machine room 22, the suction port 
23 for sucking air in the machine room 22 is installed. 
As shown in FIG . 9, a cover 24 is mounted so as to 
intentionally block the suction port 23. On the rear 
of the cover 24, an air temperature sensor 53 for 
detecting an air temperature is mounted. 

Further, on the rear of the machine room 22, the 
exhaust port 25 for exhausting air from the machine 
room 22 is installed. By driving the C fan 19, the 
fresh air is sucked from the suction port 23, cools 
the condenser 27 , is introduced into the machine room 
22, is heat-exchanged by the compressor 20, and then 
is exhausted from the exhaust port 25. 

On the other hand, as shown in FIG. 8, in the 
refrigerating cycle, the compressor 20, a 
condensation-proof pipe 28, the condenser 27, and the 
selection valve 26 for switching the flow of 
refrigerant and performing the fully closing and 
opening operation are connected in series, and the 
first connection pipe connecting the R capillary tube 
29 and the R evaporator 14 and the second connection 
pipe connecting the F capillary tube 30, the F 
evaporator 16, the accumulator 34, and the check valve 
33 are connected in parallel. The combustible cooling 
medium (for example, HC cooling medium) is used as the 
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refrigerant . 

In the aforementioned constitution, by detection 
signals of an R sensor 50 and an F sensor 51 for 
respectively detecting the room temperatures of the 
cold storage chamber 2 and the freezing chamber 5, the 
F flow for supplying the refrigerant to the second 
connection pipe connecting the F capillary tube 30, 
the F evaporator 16, the accumulator 34, and the check 
valve 33 and the R flow for supplying the refrigerant 
to the first connection pipe connecting the R 
capillary tube 29 and the R evaporator 14 are 
alternately switched by operating the selection valve 
26 so as to cool the cold storage temperature zone and 
the freezing temperature zone. 

Further, on the pipe on the outlet side of the R 
evaporator 14, an R evaporator sensor 54 for detecting 
the temperature of the R evaporator 14 is installed. 
On the pipe on the inlet side of the F evaporator 16, 
an inlet temperature sensor 55 for detecting the 
temperature of the inlet pipe is installed. Further, 
on the accumulator 34, an outlet temperature sensor 56 
for detecting the temperature of the pipe on the 
outlet side of the F evaporator 16 is installed. By 
detection signals of the R evaporator sensor 54 and » 
the outlet temperature sensor 56, the defrosting 
running of the R evaporator 14 and the F evaporator 16 
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started in accordance with the cumulative time of 
running of the compressor 20 is stopped. 

Next, the sleeping phenomenon generated when the 
temperatures of the machine room and the installation 
room are different from each other will be explained. 
In FIG. 10, the temperature changes are shown in the 
following conditions. The air temperature sensor 53 
is attached to an operation board 61. During the 
normal cooling running, the room temperature is set to 
5°C, that is, the temperature in the neighborhood of 
the machine room 22 is set to 5°C . The operation 
board 61 is covered with a heat insulating substance 
so that the detection temperature by the air 
temperature sensor 53 is increased to 10°C or higher. 
Thus a difference is generated between the detection 
temperature of the air temperature sensor 53 and the 
actual temperature of the machine room 22 and the 
temperature changes are measured. 

Further, when the detection temperature of the R 
sensor 50 is lowering, the R flow is executed, and 
when it is rising, the F flow is executed. The air 
temperature sensor 53 detects 13.5°C, so that the 
temperature is regarded as medium, and the R flow and 
the F flow are executed in synchronization with the 
compressor 20 . 

In this case, when the F flow is executed, that 
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is, when the refrigerant is flowing through the F 
evaporator 16, if the compressor 20 and the C fan 19 
are driven, a temperature difference is generated 
between the outlet and the inlet of the F evaporator 
16 and the temperature on the outlet side becomes 
higher than the temperature on the inlet side. 

The reason is that in general, when the 
refrigerant of the appropriate amount is flowing 
through the evaporator, the refrigerant continuously 
evaporates up to the outlet side, so that a large 
temperature difference is not generated between the 
outlet side and the inlet side. While when the amount 
of the circulating refrigerant is little, the 
refrigerant finishes its evaporation before it reaches 
the outlet side, so that the amount thereof becomes 
insufficient and a large temperature difference is 
generated between the outlet side and the inlet side. 

Namely, the factors of generation of a 
temperature difference between the outlet side and the 
inlet side of the evaporator are considered to be an 
insufficient amount of charged refrigerant or the 
refrigerant leakage. These are caused by a 
manufacture mistake or an accident, and must be 
repaired separately. But, according to the present 
invention, it is regarded that the compressor and 
others are in a low temperature state, thus the 
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refrigerant sleeping phenomenon is generated, so that 
the amount of the circulating refrigerant is reduced. 
In such a state, the C fan is stopped and the 
compressor and others are prevented from overcooling. 

Control of the prevention of the C fan from the 
refrigerant sleeping which is the third embodiment of 
the present invention will be explained on the basis 
of the flow chart shown in FIG. 5. 

At a step Sll, whether the compressor 20 is 
driven or not is judged. When the compressor 20 is 
not driven, the compressor 20 and the condenser 27 
(hereinafter, referred to as the compressor and 
others) are not at high temperature, so that there is 
no need to cool them, and the process goes to a step 
S13, and the C fan 19 is put into a stop state. When 
the compressor 20 is driven, the process judges that 
the cooling is necessary and goes to a step S12. 

At the step S12, whether the air temperature 
detected by the air temperature sensor 53 is low, in 
this case, 10°C or lower is judged. When the air 
temperature is 10°C or lower, that is, it is low, so 
that even if the compressor 20 is driven, the 
refrigerant sleeping is generated by the rotation of 
the C fan 19. Therefore, the process goes to the step 
S13, and the C fan 19 is put into the stop state. 
When the air temperature is higher than 10°C, the 
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process judges that the cooling of the compressor and 
others is necessary and goes to a step S14. 

At the step S14, whether the detection 
temperature of the outlet temperature sensor 56 is 
higher than the detection temperature of the inlet 
temperature sensor 55 by a predetermined value or more, 
in this case, 6 K or more is judged. At this time, 
when the temperature on the outlet side is not 
increased, the refrigerant is appropriately evaporated 
in the evaporator and the refrigerant sleeping is not 
generated, so that the process judges that the cooling 
of the compressor and others is necessary, goes to a 
step S15, and drives the C fan 19. Further, when the 
temperature on the outlet side is higher by 6 K or 
more, the amount of the circulating refrigerant is 
little and the refrigerant is not evaporated 
appropriately up to the outlet side of the evaporator, 
so that the process judges that the compressor and 
others are in an overcooled state and the refrigerant 
sleeping is generated, goes to a step S16, and 
forcibly stops the C fan 19. 

And, at a step S17, when a difference between the 
detection temperature of the outlet temperature sensor 
56 and the detection temperature of the inlet 
temperature sensor 55 does not become a predetermined 
value or less, in this case, 3 K or less, the process 
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judges that the compressor and others are in an 
overcooled state and forcibly keeps the C fan 19 in 
the stop state, while when it becomes 3 K or less, the 
process judges that the compressor and others are 
returned to the normal state, goes to a step S18, 
cancels the forcible stop state of the C fan 19, and 
returns to the initial state. 

As explained above, the control of the C fan, 
even if the drive conditions of the C fan such as the 
driving of the compressor and the air temperature 
condition are realized, judges whether the refrigerant 
is sleeping in the compressor and the condenser and 
then drives the C fan. Therefore, the compressor and 
condenser are not overcooled, and the defective 
cooling due to the refrigerant sleeping can be 
prevented . 

Further, the unnecessary driving of the C fan can 
be eliminated, so that the energy conservation effect 
can be improved. 

Furthermore, even when a difference is generated 
between the temperatures of the installation room and 
the machine room at the time of the installation or in 
winter, since the air temperature sensor is attached 
to the back of the cover 24, the temperature of the 
air taken in the machine room 22 can be detected 
accurately, thus the overcooling of the compressor and 
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others due to the driving of the C fan can be 
prevented . 

Next, the control of the prevention of the C fan 
from the refrigerant sleeping which is the fourth 
embodiment of the present invention will be explained 
on the basis of the flow chart shown in FIG. 6. 

At a step S21, whether the set temperature of the 
air which is a stop condition of the C fan 19 is set 
to a medium temperature, in this case, 20°C is judged. 
In the initial state, when the air temperature is low, 
it is set to 10°C. When the stop condition of the C 
fan 19 is set to 10°C, the process goes to a step S22 
and when the stop condition is set to 20°C, the 
process goes to a step S23. 

At the step S22, whether the detection 
temperature of the outlet temperature sensor 56 is 
higher than the detection temperature of the inlet 
temperature sensor 55 by a predetermined value or more, 
in this case, 6 K or more is judged. 

At this time, when the temperature on the outlet 
side is not increased, the refrigerant is 
appropriately evaporated in the evaporator and the 
refrigerant sleeping is not generated, so that it is 
judged that cooling of the compressor and others is 
necessary at the medium temperature, and at a step S25, 
the air temperature of the stop condition of the C fan 
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19 is set to 10°C. 

Further, when the temperature difference between 
on the inlet and outlet sides is 6 K or more, the 
refrigerant circulation amount is little and the 
refrigerant is not evaporated appropriately up to the 
outlet side of the evaporator, so that it is judged 
that the compressor and others are overcooled even at 
the medium temperature and the refrigerant sleeping is 
generated, and the process goes to a step S24. Here 
the stop condition of the C fan 19 is set to an air 
temperature of 20°C so that the C fan 19 is not at a 
high temperature the C fan 19 is not driven. 

And, when the air temperature to be set is 
decided, the process goes to a step S26 and judges 
whether the compressor 20 is driven or not. When the 
compressor 20 is not driven, the compressor and others 
will not become at a high temperature regardless of 
the air temperature and do need to be cooled, and then 
the process goes to a step S29 and puts the fan into 
the stop state. When the compressor 20 is driven, the 
process judges that the cooling is necessary and goes 
to a step S2 7 . 

At the step S27, whether the air temperature 
detected by the air temperature sensor 52 is higher or 
not is judged as compared with the temperatures set at 
the steps S24 and S25 
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For example, when the set temperature is set to 
20°C at the step S24 and the detected air temperature 
is a medium temperature of 16°C, since the air 
temperature is lower than the set temperature, even 
when the air temperature is medium and the compressor 
20 is driven, if the C fan 19 is rotated, there is a 
possibility of the generation of the refrigerant 
sleeping, so that the process goes to a step S29 and 
puts the C fan 19 into the stop state. 

When the air temperature is higher than 20°C 
inversely, even if the temperature difference between 
at the outlet and inlet of the evaporator 16 is large, 
the process judges that the compressor and others must 
be cooled, goes to a step S28, and drives the C fan 19. 

The reason is that when a cold air leak is 
generated due to an improperly closed door, a 
phenomenon is generated that the temperature 
difference between the outlet and the inlet of the 
evaporator is increased in the same way as with the 
refrigerant sleeping. If this occurs, the compressor 
and others must be cooled so as to increase the 
cooling power, and when the air temperature is high, 
wherein there is no possibility of the generation of 
the refrigerant sleeping, the compressor and others 
are prevented from defective cooling. 

On the other hand, even if the set temperature is 
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set to 20°C once at the step S24, if no hysteresis is 
set, the control becomes complicated due to a minute 
temperature change. Therefore, when it is judged that 
the set temperature is set to 20°C at the step S21, if 
the inlet temperature of the evaporator is not lower 
than the outlet temperature by 3 K or less, the 
process goes to the step S24, keeps the set 
temperature of 20°C. While when the inlet temperature 
is lower by 3 K or more, the process judges that there 
is no possibility of the generation of the refrigerant 
sleeping, goes to the step S25, and switches the 
setting temperature to 10°C. 

By use of the aforementioned constitution, when 
the air temperature is high, wherein there are few 
refrigerant sleeping phenomena generated, even if a 
temperature difference is generated between the outlet 
and the inlet of the evaporator, it is judged to be 
affected by the cold air leak, and the C fan is 
returned to the normal running. When the air 
temperature is medium, wherein there is a possibility 
of the generation of the refrigerant sleeping 
phenomenon, the C fan is controlled in correspondence 
with the refrigerant sleeping phenomenon. When the 
air temperature is low, wherein there are many 
refrigerant sleeping phenomena generated, the C fan is 
stopped. Therefore, the compressor and the condenser 



42 



can be effectively cooled along each temperature zone, 
thus the cooling capacity can be improved. 

On the other hand, the C fan control according to 
the present invention is particularly effective in a 
case where the refrigerant to be charged in a small 
amount such as a combustible cooling medium is used, 
and the defective cooling due to the refrigerant 
sleeping can be prevented. 

Further, in the aforementioned constitution, by 
the temperature sensors installed at the outlet and 
inlet of the F evaporator the refrigerant sleeping is 
detected. However, temperature sensors may also be 
installed respectively at the outlet and inlet of the 
R evaporator so as to detect the refrigerant sleeping. 

Further, the set temperature and the temperature 
difference between at the outlet and the inlet of the 
F evaporator for detecting the refrigerant sleeping 
phenomenon vary with the refrigerating cycle and the 
capacity of the refrigerator, and needless to say, 
they are properly set to optimum temperatures. 

Further, the operation and stop conditions of the 
C fan are not limited to those described above. The 
conditions may be combined with various conditions, 
such as during R flow, F flow and defrosting and the 
door switch. Particularly, the C fan is effectively 
stopped for a predetermined period of time at the time 
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of turning on power and at the time of starting the 
compressor, wherein the refrigerant sleeping is easily- 
generated . 

Furthermore, the air temperature sensor is 
attached to the cover. However, the present invention 
is not limited to this. The air temperature sensor 
may be installed in a place free of temperature effect 
of the compressor in the neighborhood of the machine 
room, such as on the rear cover or bottom plate. When 
the air temperature sensor is to be installed in the 
duct where the condenser is arranged, it may be 
arranged on the downstream side of the refrigerant, or 
the condenser may be deformed, so as to avoid the 
effect of the temperature of the condenser, if 
possible . 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-093671 filed on March 29, 2002 
and the prior Japanese Patent Application No. 2002- 
093672 filed on March 29, 2002, the entire contents of 
which are incorporated herein by reference. 

As many apparently widely different embodiments 
of this invention may be made without departing from 
the spirit and scope thereof, it is to be understood 
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that the invention is not limited to the specific 
embodiments thereof except as defined in the appended 
claims . 

Industrial Applicability 

According to a refrigerator of the present 
invention, even if a hydrocarbon cooling medium which 
is charged in a small amount and particularly soluble 
in refrigeration machine oil is used, the initial 
cooling performance after turning on power can be 
improved. Furthermore, defective cooling due to the 
sleeping of a refrigerant staying in the compressor or 
condenser can be prevented. 

As described above, the refrigerator according to 
this invention is widely usable for the household 
refrigerators. 
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